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ABSTRACT

Spatrally  explrcrt  rdentrftcatron  of changes In  ecologtcal
condrtrons over large areas IS  key to targetrng  and prrorr-
trzrng  areas for envrronmental  protectron and restoration
by managers at watershed, basrn,  and regronal scales. A
crrtrcal  lrmrtatron to th is pornt has been the development
of methods to conduc-t  such broad-scale assessments.
Freld-based  methods have proven to be too costly and
too rnconsrstent  rn  therr applrcatton to make estrmates  of
ecologrcal  condrtrons over large areas New spatral  data
dertved  frorn satellrte  Imagery and other sources, the de-
velopment of statrstrcdl models relating landscape corn-
posrtron and pattern to etologrcal  endpornts,  and geo-

graphrc rnformatron  systems (GIS)  make rt  possible to
evaluate ecologtcal  condrtrons at multrple scales over
broad yeographtc regrons In thus  study, we demonstrate
the appltcat ion of spatrally drstrrbuted  models for brrd
habitat qualrty and nrtrogen  yreld  to streams to assess
the consequences of landcover change across the mrd-
Atlantrc  region between the 1970s and 1990s. More-
over, we present a way to evaluate spatral  concordance
between models related to different envrronmental end-
points Results of th is study should help envrronmental
managers rn  the mrd-Atlantic  regron  target those areas
In  need of conservatron  and protectron.

INTRODUCTION

01001  Blackwell Scrence.  lnc



(hnvc‘~-sioti  o f  t~;~Irit;rl I;~titicc~vc~r-  t o  ~rtIrlttopo-

genie landcowt-  h;ls 11;ltl  t1cg;tCve co~~sq~~c’nc~s
o n  proccw~s  o f  \\‘;ttc.r ititt~tc~c~l~liotI. it~fillr~;itiotr,

and  r u n o f f ’  rliat  clctc~rrnitic the riqtiitndc of.
f l o o d i n g ,  watc’t- sror-;\gc. and  TIC clualiry o f ’  d r i n k -

i n g  w;itw (I’c~r~rjohti  & (:()I I-cII  198  1; S;i1trIclc~t-S  r/
(I/.  1991  ;  ITI-;ltlklin I  !)!)L’).  ‘l‘t-;1r1sfor-tn;lti(~tl 01.  11;1I11-

i-al  l;indco~~~~r  10  ;1~~1Itt-ol~op~iiic~  1;1ti~1~0v~~  ;ilso iti-
crcascs niitt-if’nt Io;ttlitigs 10  s1rc;ints ;rrid est1r;irim

(Jor1es  ef  NI.  2 0 0  1  ).

A pritnnty ziitli of I;rrtciscal~c ;Iss<‘ssnl(‘tI1s llx,
bwn t o  ci-wl~ itI(iic C‘S ;~trti moti~~ls t h a t  itttqt;1tc~
qwcts of‘l;lI1&sc;tl~~~  contiiliori oi-  li~;illlI (c.g.,  s(‘c

Wickham Pt (I/.  1999). i<;rpport  PI a/.  (l!)!H) sItin-
rtrarized  ~irioiis ;isp~cts o f  I;tntisc;~l~e Iiwlth ;inti
corlciutlcci  il12r  l;lllClsC~;1p~  Ilc~ll~ll  lTl;ll~s  IO  llll-

nim ~;ilucs arid c~spct.t;1tiotis of ;ispcc-rs 01.  1lic  c‘ii-
vir-ontncnt, iticlittiitig c-t~rt;iin cc-ological  gootis
(clean  wttcl-) ;111(1 wtvic-(3  (filtmlior1 of nittt-i(~ti1.s

i n t o  strc.mtis). ‘I‘hc~ ;1lso  co~~clrIcl~~i  that  I;inti-
scape htralrli  coul~i tw ti~~fincd it1 tmnis o f  bo~f-I
rci-I-cstrial atiti aqi~;Ilic.  g o o d s  ;tntl  scryiccs. .Mot-C-

o v e r ,  coticlitiom it1 [fir laiItlsr;ipc dtctr l i n k  as-
pm& o f  tc.t-rc‘slt-i;tl ;irid ;iclrtatic systems. Pot-  cx;itti-

plc,  i n t a c t  fowsts t-cl;iitt wttt‘r ;iiItl niitl iwts, li(7iw
rctiucing  tlI(~  offLlo;1tl ol‘tIrIrt-icnts  t o  stt-catns (ICI-mk-

Iin 1992). lCs~~ss  nutrients i n  strcan~s ;IIC kno\\m
t o  tlccmrsc th(%  clualiry o f  h;1bir:rt fi)r stwntn l)iot;r
(Fm1klin 19X!).  I lowc~~~t-,  I O  tiaw, few ;t~tcwtprs

have hccn  rnaclc,  IO c~iI;itititativcly ittlcgr-atcs ;I+
pee’s 01.  ;iqii;itic attti Icbi-I-cslr  ial  hc;ilrli iI 10  bt-o;rti-
scale rcgioti;il ;iss~~ss;l~~~~tts  o f  I;~~itisc;~l~~  hc;iltli.

lCx;irtiiiIitig  rlrc,  cslcrtl ;itId trtagtii~itti~~ of’laitti-
scape ch;111gm  i s  l);tt;1111011n~  10  ;tsscssitrCq  t-isks  I O

ecological  t~~w~t~~-c~~ ;ititi rhrir associ;iretl  pt-cb
ccsscs (1  luns;1k~r d r/l.  i!)!H)), Uiitil  I-cc.ciIrly. ;I$-

scsstncti1s of t~to;rci-scale cliari~~:s it1 latitisc;tl~~
contlitioti ‘i\‘~‘t c tI(‘;11 I\, ittipossil~l~. I lo~\~cvcr-.  ii~w

d;lt;i  011  1;111~i~~~A(*~  ( Il;rll~“ at rclativcly Jiiic sc;rlw
(X)-60 tlrc.tc‘ls) ;l(‘t 05s hro;td  wgiotts. alotlg  \\.itlI

ttic tlc7.cloptiI<~IiI of spatiallv  tiisttil~irtc‘d laiitl-

sc;ip titoti~~ls, tie\\‘  tn;~k<‘  i t  l)ossihlr  t o  cv;i111;11~~
t h e  rstt’tlt ,ititi Iti.tgiiilIt(i~~ of. I;iirtlsc ;ip~’  tlr;ttigc,

;lrtti 111e itttlm( I of oltsc,r-\cti c-ltntlgcs on ;lqtI;i’ic.
;itIcl tct-I-cslt i;rl  t~~~otii~( (‘5 (O’(~or~ri~lI PI ctl. X00:

JO~ICS /d (il.  L’OOI  1. i;or w~ttlple, thcb Not-rtI  AIIICI I -
aI1 I,;ltttisc;ll~~~ (h,it,ic IcLt-imtion 1’1-og1-;it1i  (N,.\l.(:)

lias pi-o(iric-c.tl rltt  ;tt ( Iii1.c  of I,;~ntis;il hlitlIi~p~~~~lt~;il
Sc;itrti~t- (51%)  iIii;igc,t-\ iliar  pcrttIils (~ot151t-tt(.tiot1

E c o s y s t e m  t-leiiltll vat

2 3 0

01  I;irtcico~c~r  (i;i1;1 fi)r-  the (‘31 Iv 1970s.  11Ic tniti-

1  WOs, a n d  t h e  t‘;ll Iy l!)!)Os ;I~~IY~SS rhe  litlird St;ttm
;irtti other cwuntr-its  (I,ittir~rt~t P/ 0I.  i n  pi-css). Fur-

Ihc~rtnoI-e. tht* i\liIlri-ResctlItiioti I.:ttrd Ch;1mctet-is-
t i c s  Cotisortiutn (IMK~X:) has  l)r-otlirc~eti  Imdco~er

clar;i  (Naliotial I .md (:ou~t- l);~i;rl~~isc~  o r  NIX3)
fi)r t h e  ontire  cotwtninotis lltiitcti S ta tes  a t  a  reso-

lurioii of-  30  fn~tct-s foi- 111~ cat ly 1!19Os,  a n d  p l a n s
a r c  und~rwty 10  prodtiw 3 s i m i l a r  eai-ly  ‘LOOOs  da-

tab;rsc 1)~  2 0 0 . 5  (Vogtrin-t;~nn e/ N/. ‘LOO1 ). T a k e n  to-
gcdic’t-, thcsc I‘rvo  pt-o~t-~1tIis  lwt~tttil wl;irivcly fine-

sdc asscssnicnts o f  Iaritisc-ape c-hange ;ictmss v e r y
l;wgc aI-cas.

Taking  ;td\T;ttlti1gc o f ’  the N;\I.C: i m a g e r y  mtl
rltc MRLC lantico~eI-dat;~l,;~scatld  rnctticl concepls

tlm~lopd by  O’(:ottncll et  trl. ( 2 0 0 0 )  fi)r birds  md
l)y,joiIes  da/. ( 2 0 0 1 )  fi,I-riili-ogc.rr~ic~ltl. wc assessd

p:i~~ct~tis  o f  larrticovct- charigc  md t h e i r  associated
irrip;icls o n  Iaridscq~c o r  lmti lidiir rclatetl  10  b i r d

h;tt~il;its and n i t r o g e n  yidtl 10  swcanis ;ic~-ass  t h e
linitcd States nrid-&l;1nti~~ r-cgion. A l t h o u g h  land
Iic7ilth  i s  limit4 10  nim~gc~ii yicltl ;ltid bird  h a b i t a t

cotitlirionsin this s t u d y ,  wc ti~~ttionstrate a  tneti~od
t h a t  c a n  b e  u s e d  w i t h  Inow cotIipt~~hcnsive sets of
values anti  nwtirls.

METHODS
‘l‘hc  study  was  utItlcrt;1kcIl i n  111~ tnid-Atlantic t-c-

giot1  of’  lhc  Unitc’(i  Sratc\ (sortrhern  N e w  York.
f’cttns~lvarIia,~vestern  New,Jcr-sc:y,  Ekhware, Mq-
Iar~d,  W e s t  V i r g i n i a ,  Vit-gini;l, northcrtI N o r t h
Ciroiina) ( F i g u r e  1 ) .  Digilnl lanticowr m a p s  w e r e

ncqiiit-cd  and  pmC(‘SSc(l to CxillIlitIC the s p a t i a l
coticordmcc o f ‘  tcrriporal  ch;~nga  in n i t r o g e n
IOild  ;Iilti tctnp<)td  cl1;1ngt~s  i n  ;tll i n d e x  of’  b i r d

Iial~itzrt q u a l i t y .  O~~~-~tll,  111~ tit~thotiolo~fg  can b e
scp;ir;ital i n t o  Girw s teps :  (  I  )  a(-quire mtl p r o c e s s

lilI1dcovcr  d;\t;t  fOr t w o  ritncL  pcGotis;  ( 2 )  use  t h e
landcowr tia~ to rut1  nirtogc’n  load a n d  b i r d  hat>

itilt tnociels f’or C;lCh  tinic l)(~t.iotl: ;uld  ( 3 )  cotnparc~
o u t p u t s  of‘  irioclcls a c r o s s  Iimc;niti  tlieines  ( n i t r t t

g(‘tl  ;llld bit-d ild~itilt).
‘l‘he tempoi-al  InIItlcov~r tI:i~;i wci-c f’t-oni  the

mrly 1970s  a n t i  e a r l y  I’.)!fOs.  ‘1‘11~  I95Os iandcover-

ci;1t;r  \vcre cr-t~atCYi  1’rorn  1.;1tlfis~l1  \,I% ti;1t;t that were
.ic~qiiitwl  as p a r t  o f ‘  Ihr .!d~\l.(: lwogt-;1tii (l~iIti~311;i

PI /I/. i n  p i - a s ) .  ‘l‘hc  NXl.(: pi-ogr  atI1 distt-ilmtcti lhc
MSS data at a t-cs;irnpl~~i l)iscLl  si/c o f  GO mc’Icrs.

‘l‘hc 1990s  tlat;~ wet c acquit  Cal  It-or11 thcx MII1.C
pi  ogt-;un (I,c~velanti & S1I.i\b  I!)!Hi).  :\I1 ot?jccti\‘c
o f  lhtr hllil.<: pt.ogt-mii  \<;I\ t o  tii;ip I;intlcovcr fi)t-

l11C  (.OlltCt‘tllilIOllS litiitul Sl‘ltC’S  (\‘O~~‘ltllilllll  Ljl  Cl/.

N o  4 D e c e m b e r  2 0 0 1
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FIGURE 1. Geographic dstrlbutlon  of the mid-Atlantic  rcqon

htlt l;\lltlco\cJ-  tht;i  Sc’lS  !\‘(‘1C  l~c~s;llllplccl  to ;I

12fhicl~J-  l)ixt:l  iI1  OI-tlcr- to ;~co~n~J~od;itc  fi)i- tltc,
tlil’f~J~crIc~cs  in  ii:rti\.c’  spti;il r-csoltltiori  (SO-1ttctc.I

1,;111<1s;tr  ‘I‘M  ,rJIcl  wlll~tcr N.u,(:  l.;tlltlsll  \lSS)
Also: rhc,  I\\‘0 tiata  sets \v(‘r(’  c-;tllt~l-;rtcd  so that  I10

lll~l,;Jll  ;lI-<‘;ls  i l l  tt1c IWO  I>;rJltls;il  MSS  I;lrttlco\Yl~

ci;it;i  \vcre lost in  tlJc*  IWO  Ia~rdco\~c~r~ tl;It;I I)VC  ;i~Jst‘
of irrc-w;chiJig  11(‘(‘  tlcrrsil\- iIt ilt;itxlrCrl,q J~sictc~rrli,Jl

;II~S.  ,\J-CYIS  c.l;issitit,cl  2s i~rlxri~ III 1070  I,Jrt  1101 iIJ
l!M)  \v(‘rt’  ( ll;lll~“‘i  t o  llltxlll  in the 1 !I!)0  hIltI-

(‘OV~‘1  tl;rt;l.
‘l‘ltr sJJ~cl\.  ;IJ.c;I  was  l~ssc~llatctl  iitto  L’:i-kin’

gi-it1 ~~~115 10  ;I<  coIIimo~l;Itc llrc  Jlitrog:cJl  anti  hir  (I
lt;ll)it;tt ~rrotl~~ls  ,ii~ti  aVoid  p’t- })iscl calcul~iiioil  01

~I‘he nilrogcri  loatl  ~irotlrl  WL?  taken froJii,]oJit!s

14  al. (2001 ), which erIIpiI-ically  cstiiiiatetl  the  Jnass
of- nitrogen  output  I*oin sevcr-nl  watc73hctls  in the
rnitl-Allaritic-  r-cgion rising flow-atljristtd  conwntrx

tiorls.  ‘I‘h~~JorJc5  rt (I/.  (2001) inotirl  trstim3tctl  nitrtr
gcJ1  IOild  iIS  a fiinctioil of- r-ipwiaii  cover  Lllltf  nitrate

tlqmsition. For this stiitly, the ~nodcl wx ~wAi-

I)r~ntc.cl  w i t h  riprim  coVt’r rciilo\:cd  txcalise  o f

ltlc  fimrfbltl  increase in  sptial  resoluliori  (W to
120-Jiietcr-  piwls)  ‘l‘lrf  nroclel was  rcc-;3librated iis-

iri,g  stcp\visc wgrcssion xvithorit  inc~1usion  of lhc  ri-
piiaii  CO\Y~J~ Jiictric.  ‘1%~ iccdit~l-;Jtioii  I-c~placd

ril),iii;\rr covei-  w i t h  ;1gi~ic.trltlric  (wit11  tlrc  ;ippi’o-
lm;Itc‘  clJ;Jiigc  i n  s i g n s )  2nd  wtaind  riitrogw

tlcposition:

IA(N)  = (1)
0.021 14alc  + 0.0017.5J1J  - I .X 187.  \v1rc*r-c

;Ilc is ttic  lm~l~oi  tioii  of ~‘;il~~i+ul  iii ;JgriciJlttJrc~,
II<]  i s  IritJ.;Ite  deposi t ion (kg,‘yJ-).  antI N i s  nitro-
gcrr  vicltl  (kg/ha/y).  ‘I‘IIv  K-sqJI;Irc  W;IS  0.80.  with

dlc  2nd rltl cspl;iiiiiiig 57%  arid L,$%,  of’  1ht,  vaJ.i-
,IJl(‘t’, I-c.slwc-tivc’ly.  ‘l‘hcx  iiitiogt.ij  lo;itl modcal  uti-
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RESULTS

LANDSCAPE CHANGE
(:It;\t~gc~ it1 I;rntlco\~~r- typei act~oss  111~ tni&\tlxt-

t i c  twjon I i - 0 1 1 1  the e a t  1y 1970s  to  ttic  e;trly 1990s

wr‘w  rel;lriwlv stti;tII. 01. t h e  s i x  landcover  c lasses ,
itt txtil  incr-cxxd  the  most atId hr:rbaccotis  Ixrd-

cover  tlcct-exctl the ntost.  I~ctrcsts, w a t e r ,  and  bar-
wit iand  cspct-icttc-cd small  inct-ewes, and  citwr-

gc’tlt \~~c~ll;tlt<tS  Vet?  Stllilil  decrexm (7‘klh)r 1 ) .

1 Ioh~WCJ~.  Ill<: spatial  ptt~t‘tl  01‘ Ct-IZlt1J.p  i n  liltltl-

cove t -  v;tt.icsd  cotisitict-ably  a c r o s s  t h e  region,  e s p e -

c i a l l y  chartgcs  i n  fi)rcst,hct-hceous,  artd rtrhatt

latrcicovct-. Uttfimutiat~ly, i t  w a s  n o t  p o s s i b l e  l o

clcpict  t h i s  pattern  at die scde  o f  t h e  r e g i o n ,  a l -
tltough  sp;iti;it Kit-iatiotl was  evident  i n  the ttiaps
of-  the nmtl~l rcsttlts (SW below).  Relatively  Iargc

fowsr gains wcrc  swn i n  w e s t - c e n t r a l  Pennsylva-
ni;t,  ttor-tlicrti Wc5t V i r g i n i a ,  i n  the hcatlwatcrs  of

tltc (:hcxr~x~;tkc R a y  \v;tt<~rsh<d i n  southern  NCW
Y o r k  ;~IIC~ P~nnsylvattia.  anti  i n  sottthetm  V i r g i n i a .
The  gi~atfxt  gains  iti Iierbaceous  lardcover  w e r e

wcn itt the Iargc  ;tgt-icultural  a-eas i n  t h e  ccrttral
J’ilt’t  O f  thC  1.C’giOll,  01)  tilt? ~~~~ItJ~IVil  I’~tIiJlSll~;l,  in

cstrc’ttw sottthext V i r g i n i a  alotlg  tllc  coast,  iltld

irt t‘xtt-ctttc n o r t h w e s t  P e n n s y l v a n i a  a n d  south-
wcstct-ti New J’ork. Urban  Iandco~cr  incrcascd i n

and  ;troutttl Iarge t~t~ban  ar-cas  o f ‘  t h e  eastrt-n sea-
boat-d xttl  i n  sottl/ict-n  Virginia and n o r t h e r n

T A B L E  1

Percentage of different Ltndcover  types and their  changes xro~~ the mdililanttc  region  from the early 1970s to the
e a r l y  1 9 9 0 s

Ecosys tem HeAth  Vol  I  No ( 1 Dctember  2 0 0 1
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FIGURE 2. Landscape change in the Washington, D.C. area. Red color is urban (no change), dark blue is urban expansion,
green is forest (no change), yellow is herbaceous/agriculture  (no change), orange is herbaceous gain, light green is forest
gain, aqua blue is water. The large urban patch in the middle of the image is the Washington, D.C. metropolitan area.

Jones et al.: Consequences of Landscape Change on Ecological Resources
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BIRD HABITAT CHANGES

thXUSC  thC’ JllO&~ \Y;lS t,;lSNl 011 ChJlgCS  iJ1

h?J-i,;lC(YtllS, fhJTSt, ;IJl(f llr-h;ln ht&OvCJ-  typCS

(WC  X1cthocls), the spatial  pattcrm of‘birtl  habitat
c.fiaJlgcs rellcc-tctl  the s p a t i a l  pttcr-n  o f  lanclcovcr
Cfl;Ill~CS (f%$lJ-C’  :i) hit JlOt  CJltiJ-Cfy.  .f‘hiS diffbI--

cnce  rc*sIIlts fro~ll tile hirtf ilabitat ~llotirl; traIlsi-

tiorl t o  fxwr  mrltlilioiis  rct]~~iJ-cs  ;I  lOSS  i n  fi)rC’StS

anti  ;l pliJl i n  citlit:r Iicr~fxlwous 01 UJ-lxln Iarlti-

COVC’J-.  &fditiOJl;lliy, 2 J-&ltiWfy SJllLlll hSS OJ-  g;iiJl

O f  fi,l.C’St  C;In  J-CSlIlt  ill ;\ tl’;tJlSitiOIl (0 ~1JlOth~l~  COIl-

tlitiorl c-1;6s--c.g.,  t h o s e  g:r.id  ~~~11s  at  o r  JIC’;IJ-  tllcs

CoJ1tlitioJl-~.l;lss rlirc~sholtis.

I t  \<;I4  r i o t  t)ossil)lc  t o  tlcl)ic-t ttlca sp+ti;ll pit-

tcrJl o f  ;1ll Il;lbitat  tIx~sitiorls irl 2 Cleal- m;ln~lw

for-  the.  (,Jltirc’ r-c@ori;  thPJCfi,JX’, OJlly Ill? tiiJ-CC-

(ion o f  ~hrlgf~ i s  rllirstratc~tl. ‘fhtw  ‘c\‘cJ-c  positive

hahir,it  c-li;rrigr~c  iJr xrtti ~trourld Iqc fixc5tul a -

c;ts iii \2!c31  \?I-,giIJi;l  ;llld Ilortlic~rIl I’cJlJlsyl\ani;1,

cc~1lt1.;11  ;lrltl sor~t~~c~r-~l  \‘iJ-girlia, soutflcarn Ncw\I’oI.k

State,  ;iiltl tiir-cc.tly rlorth o f  l’ittsbur-x11, I’c~rlJlsylw-

ilia. Ncg;tiivc  Il2l)il,rl  ChaIlgcs occur-I-Vtl  iJ1 ;Ill(l

;lJ-Ollrltt /;I+’ ill-hll (‘fIlt(‘J-S, OII tilt f~~~lll;tIv;i

f’(‘llillSlIi;1, ;liOlly: tll?  (‘Xl<‘1 I 1 SC~l~,O;lJ  ti O f  NOI-111

Ecosystem tiealth  VOI

TABLE  2

Amount  and pcrtcnta]rs  of thanye  from one landcover
type to another 1 water,  2 c~ forest, 3 my  herbaceous,
4 - ernerqent  wetland, 5 urban, 6 -- hare ground
IJrbdn  !OSW~ arc not rcporteti  bc‘cause the change
estlrnates  dssumed no urban IFS (WC!  Methods section)

1970 I !I!)0 h” o f  cl1;rr1gc % chmg

(;;tr-oliJ1;t. arid in I;l~-gca  agriculttlr31  vnlleys o f ‘  tllc

.\pp1;ic1iian h~l~~rIJit;liJis  (l;ig:rlIw 3 ) .

NITROGEN YIELD CHANGES

1Srt aiist’  of-  tii(.  lack  of ;I  !,p;tti;lf  ~o~cr~q~ of.  Jlitr-o-

gtw tkpositioil  ii)~-  the  (31  IY I!f’iOs,  it ws  uot  possi-

ble to ;lss(x flow ~orIti~iII;ItioJlsot~IIitJ-ogcn tfcpsi-

tiOl1  ;IJld hCJ~~)ilCVOiIS  ~;illt~~‘O\‘~‘l~  (-hitrlgCS LlffC’ClCtf

Jlitrogc~l yic4ti.  ‘l‘hcwfi)J~,  IlilJ.ogc’n ch;uigc  c5tini;ltc.s
;II(‘  t,;LsCYl c%JitiJ-cslv  0 1 1  C ~‘xkg””  iJJ IrcTtxlc~ous l;lJl&

(‘over (see .\l(~t~lotls). :zt  III<>  I< ~;gioJl;il sc-;llc, thCJ-C’
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l~~twwn thy  car IV 19770s 2nd  WI-1~  I C)!)Os ;wr-05s  ttic,
tlti(i-,AtliitltiC  rc~giot1  (Figllrxs  5 ) .  Sp;ltial  CltIStCtx  Of

ciccr-e;iws  i n  nitlogtm vic~ld  mtl i~Icrc;is~s  iii  bird

h;rl)itat  qu;tlity 0cctt1 tc~l  iii iiot  thcr-n I’~ttrrs~~i~~tti;t

;tIrtl  southcrI~ Nc\v )‘<)I  k St;ttcz,  M’t’st(‘t-II  I’cIIIIs\.I\.;I-

iiia,  itic  I’occ~~to  Alotirrt~1iIri  o f  (‘;tsl(‘fn  l’(~tlns\lv;t-

tii;t, arid northtt  II \V’c,st \‘irgitri;r.  (Amcr-:I+,  slxt-

ti;itly coti(.(l;tttt f);ilt(*r.tib o f  irnpr-ovittg  contiitictns

fat- nitrogen  yield atid  bit-d h;tt)it;tts \V(‘IC nested
w i t h i n  I;t~prr xc;~s of. rfcclinittg nitrogen  yield.

‘I‘his Ives  also tt.ttc o f  sf><iti;tllv (cot~( 0rti;rut ptlcrms
o f  tlecliniflg It:ihit:tt qttdity ant1  itrcrczlsing nitr-tr

gcri yield;  tlcclining c-oticiitions fat- b o t h  l)ircl hat%
tat qwlity ;11it1  nitr-ogcrr  yield ten&d t o  tw w i t h i n

I;trgcr clusters  o f  itrcr-c;isinx  tiitt-ogw yield.  Spiti;ll
ciwitc~s 01‘  clcclinitig c o n d i t i o n s  ocmtwtl on ttx

l)Cltn;tr-va l’~tritisttl;t, c 0;tst;tt  at ms 01  N o r t h  (;;tro-
lina  and sottttrer-tl  Vit-g:ini;t, l a r g e  ;tgt~icttltitr-;il \al-

)cys  iti the i\ppal;tcttiari Morint;rins 01.  V i r g i n i a ,
wcstun M;~~~land, and  south-cwtd, c.mlral,  wid

not-tliwest~t-ri I’ennsyl~ania.  Spti;tlly disutrtlarrt

pattmis Iwtwwn ch;i~tgcs in iritrogcm yield a n t i
bird  h a b i t a t  qtmlity \ww pritnar-ily  ;t f’i~rrtrtio~i  o f

12lC  distt-itmtion o f  bii-ti  h:rbit;lt  Cllii1lity c-hangcs.

Chmigrs  i n  bir-d  h;rbit;tt  c o n d i t i o n s  tcncld t o  he
mow widespr-eati  and of ;t  litter-  grxiri n a t u r e ,  pm-

ticularl~  i n  weas  witit ri~S;iti~ccti;lng~s  i n  b i r d  hat>
itat  conditioris.  l’osiii\.c  clt;tngm i n  bit-d h;thitats
t e n d e d  t o  be  oti  tltc m1ge.s  o f  concot-daricc  p a t t e r n s

o f  impi~ovcmwrrt in  bii-ti  habitat  ;IIKI Iritt-ogcn  yield,

csccpt  in  the  soiittrci-ii  put  01.  the  I-c,gioIi,  w11c1x

snwA p;ttc.hes  of.  iriipro~iiig  h;tt)it;lt  r~uality  wcrc

sJ~;lti;~llydiscot~tfil1lt  w i t h  iriil”o\“,IIic”ts  iii nitrogcri

yicltl  (Figwc  5 ) .

DISCUSSION
iC\alrt;~tion ofdI;irI~cs  III 1;ttrdsc;tp liwltlr  tqttir-m

the  tic~clopmc~it  o f  sp;\ti;tll\~ tiistribiitcd tnodcls
th;tt  rc~l;ttc  vat-ioits  qwcts  of.  l;1ncisc;1lx  c.otrditioti

(~.g., I;III~~~TI-  cottij)ositiot~  anti  ptttcr 11) t o  cnvi-

30111116’111;11  t.IldJ~oirIts  (,jOIlCS PI ol. W O O ) .  i n  xi

11111~~11  L1.S  Iilrld‘i(~;tf><’ ti(2tlttt is tlc,lirlc71  rchtivc~  t o
those  ~IlViI~OIlIIlCIltilI  ~tItlpoit1ls  o f  ititcrfst  10  SOCi-

ctv (Sutlcr  IWO;  lbppof-t  PI cd.  I WS).  Xlor-covm-,  i t

i s  c o s t  JmdtiRitivcf IO  trumiloi~  ctI;tIIg(3 iii  cwVit-ori-

rnmt;tl  u1dpoiIIts 21 tc’/;ttt\.t’l\.  lirrc.  sc-;tlcs  ;icImss

Iat-gc  trcgiotrs  (,Joncs  pt  nl. 2000: livckho\v  ‘LOO  1)
Kc~crit ticvc~lol~tiierIt  o f ’  spttiall!, tlistril)titcci ntod-

~1s  matlc  i t  possible  to  dciiionstt-;Iic  tiow  Ixdsc-apt

c h a n g e s  ;Icr-c1ss  IllV IIii&;~tl;iIilic  wgion  frx)IiI  ttw

WI-ly  1970s  t o  ttic  (*;II  11,  l!)!)Oc  2lf~cid bird  ti;1t)it;il

q1ialit~  atid riitr-ogcii  \,ic,l(i  t o  strc3tIrs. hloreo~er,

Jones et al Consequences of l~ntlscape  Change on Ecoloy~cdl  RWILJK~T
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FIGURE 3. Spatial pattern of bird habitat condition changes across the mid-Atlantic region. Changes are depicted by
25-km* grid cells. Dark green = good habitat condition (no change), light green = a positive change in habitat condition,
yellow = moderate habitat conditions (no change), dark blue = a negative change in habitat conditions, red = poor
habitat conditions (urban, no change), brown = poor habitat conditions (agriculture, no change), and aqua blue = water
(no change).
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Nitrogen Yield Changes (kglha(yr)
32.893 - -6.55
-6.55 - -1.74
-1.74 - 1.416
1.418 - 6.926
6.926 - 26.01

FIGURE 4. Spatial pattern of nitrogen yield changes across the mid-Atlantic region. Changes are depicted by 25-kn?  grid
cells. Changes are in kg/ha/yr.
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FIGURE 5. Spatial concordance in the direction of change of bird habitat condition and nitrogen yield. Concordance in the
direction of change is depicted by 25-km* grid cells. Red = condition declines for habitat and nitrogen yield, yellow = con-
dition decline for nitrogen yield and no change for habitat, brown = condition decline for habitat and no change for nitro-
gen yield, blue = improved conditions for nitrogen yield and no change for habitat, light green = improved conditions for
habitat and no change for nitrogen yield, and dark green = improved conditions for habitat and nitrogen yield.
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